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The Neuro .. Sensory Motor Developm.ental Assessment 
Part II: Predictive and Concurrent Validity 
The Neuro-Sensory Motor Developmental 
Assessment (NSMDA) has been developed to 
meet the need for a progressive evaluation of in-
fants and children. The content and administra-
tion of the NSMDA has been addressed in Part 
One of this paper. In this study the NSMDA was 
used to assess a cohort of 148 preterm infants 
at 1,4,8, 12, and 24 months. Results recorded at 
each assessment were compared with 
developmental outcome at 24 months. 
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This paper provides statistical evidence of 
the NSMDA's validity. Verification in terms of 
predictive validity (sensitivity/specificity), and 
concurrent validity is described. Although early 
NSMDA scores were significantly correlated 
with outcome at two years, 8 months was found 
to be the optimal age '(or accurately 
discriminating between children who 
demonstrated normal or abnormal developmen-
tal status. 
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The incidence of major and minor 
sequelae is of concern among the 
population of VLBW (very low birth 
weight) and preterm children. Because 
of this, the ability to accurately iden-
tify children with special needs at the 
earliest pOssible age is crucial for the 
implementation of appropriate in-
tervention programmes. 
It is evident that a test with reliable 
prediction of developmental outcome 
for this group of children is needed. To 
meet this need, the Neuro-Sensory 
Motor Developmental Assessment 
(NSMDA) has been developed for the 
purpose of evaluating VLBW and 
preterm infants. 
This paper addresses the issue of 
validity, that is the degree to which a 
developmental test can separate those 
children who have a development pro-
blem likely to affect their functional 
abilities from those who have no 
problems. 
As noted by Rogers (1987). and 
Stengel et al(l985), one form of test 
validity can be defined in terms of the 
ability to predict subsequent perfor-
mance based on current test results. 
This includes both Specificity and Sen-
sitivity which are well established 
methods of analysing the predictive 
ability of neuro-sensory motor assess-
ment(Harris 1987). 
Specificity is calculated by the 
formlJla: 
no. of correctly identified normals 
---------- x 100070 
total no. of normals 
Sensitivity is calculated by the 
formula: 
no. of correctly identified abnormals 
---------- x 100070 
total no. of abnormals 
The higher the percentages, the 
more valid a measure the test is seen to 
. be. Ideally both sensitivity and 
specificity should be high for a testing 
instrument with high predictive validi-
ty. Other statistics which are common-
ly derived from sensitivity and spe<:-
dificity are the predictiv.e values 
positive, and negative. These are the 
actual probabilities of correctly 
predicted outcome in any given child 
under assessment. They are derived 
from the Bayesian Probability 
Theorem (Rosner 1982). 
Predictive Value Positive is calculated 
by the formula: 
xX Sensitivity 
[XX .Sensitivity + (I-x) 
X (I-Specificity)] 
Predictive Value Negative is calculated 
by the formula: " 
(I-x) X Specificity 
[(I-x) X Specificity + x 
X (I-Sensitivity)] 
where x is the incidence of the condi-
tion in the population under test. 
The Australian Journal of Physi(Jtherapy.Vot3li; No.3, 1989 151 
NSMDA: Predictive and Concurrent Validity 
Some authors use the probability of 
a False Positive and the probability of 
a False Negative; these are simply 
derived from the corresponding 
predictive values by subtracting them 
from one (or one hundred, if a percen-
tage scale is being used). 
In administration of a test instru-
ment, standardized procedures with 
criteria which ensure inter-observer 
reliability are important. This was ad-
dressed in Part One of this paper. 
A common way of establishing con-
struct validity is by the use of factor 
analysis. If the items comprising a test 
or subtest are all measuring the same 
construct, we would expect them to be 
highly related (Rogers 1987). A 
maximum·likelihood factor analysis 
was performed to test this. This 
analysis yielded one common factor 
for each assessment for both item 
scores and functional grade, thereby 
supporting construct validity of the 
NSMDA. 
Concurrence with an independent 
paediatric medical assessment for out-
come was established for the NSMDA, 
by the use of the McNemar Test. 
The significance of relationships 
between early scores and later 
neurodevelopmental outcomes was 
evaluated. This determined if the 
physiotherapy NSMDA was sensitive 
enough to aid in the early identifica-
tion of children who later exhibited 
neuromotor deficits. 
Method 
The cohort consisted of a total of 
148 preterm infants who regularly at-
tended the Growth and Development 
Clinic at the Mater Misericordiae 
Children's Hospital for follow up. 
Table 1: 
The major criterion for inclusion in 
the study was a birth weight of less 
than 1500 grams. The birth weights 
ranged from 660 to 1499 grams, and 
the gestational ages from 25 to 38 
weeks. The mean values by sex are 
presented in Table 1. 
The infants were assessed by a multi-
disciplinary team at one, four, eight, 
twelve, and twenty-four months cor-
rected age. At each visit the 
neurological, sensory and motor 
development was assessed in detail by 
a physiotherapist. The assessments 
were divided up into a total of six 
areas; Gross Motor, Fine Motor, 
Neurological, Primitive Reflexes, 
Postural Reactions and Sensori-Motor 
Responses. 
The assessment procedure involved 
two types of evaluation. Firstly, in-
dividual test items were scored, and 
secondly, a functional grade was 
assigned by the physiotherapist for 
each overall area. Details of the scor-
ing were presented in Part One of this 
paper. 
In a previous study by Burns et af 
(1987) when the functional grade was 
used to distinguish children within the 
normal range from those with various 
degrees of disability, a total score of 
between 6 and 9 was regarded as nor-
mal (over 6 assessment areas). This 
translates to 87.5 on the Transformed 
Functional Grade (TFG, see Part One 
of this paper). 
A corresponding standard of nor-
mality was not available for the system 
of scoring individual items, so after in-
vestigation of the literature, it was 
decided to use the suggestion of Holt 
(1977), which recognized delayed 
development in children as that which 
The mean values of subjects sex, weight and age at birth 
B.W. (g) 
G.A. (wks) 
No. 
Males 
Mean 
1151.1 (±209.8) 
28.9 (±2.6) 
63 
Females 
Mean 
1153.8 (±211.6) 
29.1 (±2.3) 
85 
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Total 
Mean 
1152.7 (±210.1) 
29.0 (±2.4) 
148 
was more than 25070 below that ex-
pected for their age. Drillien (1977) us-
ed a similar criterion for determining 
the degree of developmental delay at 
different ages. 
However, in this study it became ap-
parent that the 25% level slightly 
under identified the target group, par-
ticularly those children with subtle 
minor motor problems or delays which 
interfered with function. Therefore, 
the analyses were performed at the 
20% level (below normal scores) to in-
clude this group. Once the data had 
been collected, they were analysed us-
ing the SAS package on a Cleveland 
XT and a Uni-X AT personal com-
puter. All children were assessed by a 
paediatrician, and on the basis of this 
assessment were classified under the 
criteria of Kitchen et af (1984). 
Results and Discussion 
The above parameters of normali· 
ty/delay for item scores were used to 
categorise the group into Normal and 
Abnormal. The results of item scoring 
at both the 25% and 20% levels, func-
tional grade, and paediatric medical 
diagnosis for final outcome are 
presented in Table 2. 
The normal/abnormal outcomes fell 
into line with other studies (Hack et af 
1979, Davies and Tizard 1975), so that 
this study was similar to others assess-
ing a typically preterm population. 
However, it is important to note that 
the 25% level for detection of abnor-
mality failed to identify those five to 
six percent of children who had more 
subtle problems. These problems, 
which can and do influence aspects of 
performance, were identified by use of 
the functional grades. 
The next step was to establish the 
sensitivity and specificity of the 
NSMDA. As outlined above, sensitivi-
ty is defined as the number of correctly 
identified abnormals, while specificity 
is the number of correctly defined nor-
mals. For the purposes of the statistics 
used, a two-level classification was 
needed. Therefore, suspect functional 
grade scOres were classified as 
abnormal. 
To derive these statistics, cross-
tabulations of each assessment's Nor-
mal/ Abnormal breakdown were made 
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Table 2: 
Abnormal/normal percentage breakdown at final outcome- (24 months 
adjusted age) 
Item scoring - 20% 
Item scoring - 25% 
Functional grade 
Medical diagnosis 
with final outcome. The summary data 
are presented in Table 3. 
Note that percentage correct is the 
sum of Abnormal/Abnormal and Nor-
mal/Normal, as a percentage of the 
total number. A Chi Square test was 
Table 3: 
Abnormal 
21.7 
14;0 
20.3 
20.6 
Normal 
78.3 
86.0 
79.7 
79.4 
calculated from the cross-tabulations. 
At four months, although the sensitivi-
ty (Abnormal/Abnormal) was high, 
the accuracy of the specificity (Nor-
mal/Normal) dropped in both the item 
scores and functional grade. This may 
Sensitivity and specificity of the NSMDA 
Item scoring - 20% 
Adj age Sens Spec % Correct PV+ PV-
(months) 
1 60.0 66.7 65.3 31.8 86.6 
4 76.0 52.2 57.3 29.2 89.4 
8 74.1 83.0 80.9 53.0 92.5 
12 48.2 93.7 83.6 66.5 87.5 
Item scoring - 25% 
Adj age Sens Spec % Correct PV+ PV-
(months) 
1 68.8 72.6 72.0 39.4 90.0 
4 80.0 56.9 59.8 32.5 91.7 
8 82.4 83.7 83.5 56.7 94.8 
12 58.8 93.3 88.5 69.4 89.7 
Functional grade 
Adj age Sens Spec % Correct PV+ PV-
(months) 
1 50.0 69.4 65.3 29.7 84.3 
4 88.0 52.1 94.3 32.2 94.4 
8 85.7 65.6 69.2 39.2 94.7 
12 72.0 92.2 88.2 70.5 92.7 
df = degrees of freedom 
PV+ Predictive Value Positive (ie Abnormals detected) 
PV- Predictive Value Negative (ie Normals detected) 
have been due to the masking of nor-
mal neurosensory motor development 
by the presence of some transient 
neurological signs as previously 
described by Drillien (1972). 
To expand on the information 
presented in Table 3, the complete 
cross-tabulations for item scoring at 
eight months adjusted age are detailed 
in Table 4. 
This result shows that both Nor-
mall Abnormal development in 
preterm infants at twenty-four months 
of age was recognized by eight months 
at a level significantly greater than 
chance. 
The final step was to establish con-
current validity of the NSMDA. For 
this, the group was divided up into 
normal, suspect and disabled children 
ChlSq df P 
5.89 1 p<0.05 
6.28 1 p<0.05 
31.74 1 p<0.001 
27.98 1 p<0.001 
ChiSq df P 
10.66 1 p<0.01 
7.12 1 p<0.01 
32.75 1 p<0.001 
33.19 1 p<0.001 
ChiSq df P 
3.41 1 ns 
12.95 1 p<O.001 
18.47 1 p<0.OO1 
50.76 1 p<0.OO1 
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as determined by paediatric medical 
diagnosis. 
The method of data analysis selected 
to establish concurrent validity was the 
McNemar Test for the Significance of 
Changes (Siegel 1956). This test is 
useful in situations where a group 
serves as its own control. The Nor-
mal/Abnormal splits by physiotherapy 
NSMDA and paediatric medical 
diagnosis (PMD) were cast into a two-
by-two table, and the cell totals in 
which differences showed up (eg Nor- . 
mal (NSMDA)/ Abnormal (PMD) = 
Cell A, and Abnormal (NSMDA)/ 
Normal (PMD) = Cell D) were put in-
to the formula: Chi Square = 
([A-D]-l)'/A+D with df = 1. In this 
Table 4: 
case, a non-significant result indicated 
that there was no real difference bet-
ween the NSMDA and paediatric 
medical diagnosis. The results are 
presented in Table 5. 
These results demonstrate that there 
was no significant difference between 
paediatric medical diagnosis and 
NSMDA prediction of final outcome, 
and, therefore, the NSMDA met the 
requirements of concurrent validity. 
Overall it has been shown that scores 
at each assessment were consistent and 
reliable over time with significant cor-
relations with final outcome at two 
years, so that the predictive quality of 
the NSMDA as a whole, is good at 
each age tested. 
Sensitivity and specificity at 8 months adjusted age item scoring -
25% 
Outcome Classification 
Item Scoring Normal 
Normal n=8 
>=79.76% 83.7%* 
Abnormal n=16 
<79.76% 16.3% 
Total 98 
Chi Square: 32.754 df= 1 p<0.001 
Predictive Value Positive: 56.7% 
Predictive Value Negative: 94.8% 
%Correct: 83.5% 
*Specificity 
tSensitivity 
TableS: 
Abnormal 
..-
n=3 
17.7% 
n=14 
82.4%t 
17 
Total 
85 
30 
115 
Concur~nt validity: McNemar t~sts for the significance of change 
NSMOA against medical diagnOSiS at final outcome 
NSMDA Chi Squared df p 
Item scoring -20% 0.26667 1 ns 
Item scoring- 25% 2.76923 1 ns 
Functional grade 0.08333 1 11$ 
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Clinically physiotherapists need to 
identify children who require ap-
propriate intervention. Through the 
use of functional grading this is possi-
ble. This study showed that by four 
months of age, 88 per cent of the 
children who were ultimately found to 
be abnormal at twenty-four months, 
were correctly identified using the 
functional grade. 
Furthermore, at twelve months, the 
functional grade was found to be more 
sensitive (ie for identifying abnormal 
children) than the item scores. Func-
tional grade had a sensitivity of 72 per 
cent, by comparison with that of item 
scoring at 59 per cent. This may have 
been due to inclusion of the item 
'Ability to Walk' (see Appendix 1, 
Part 1) as it could be scored only as 
passlfail on the objective scale. 
However, when the quality of the 
walking was taken into account by the 
physiotherapist ie in recording the 
functional grade, this problem was rec-
tified. If decisions were based on item 
scores only, some detail may have been 
missed. For greater accuracy of assess-
ment and prediction, both item scoring 
and functional grade provided a more 
useful and more complete description 
of the child's performance. 
The NSMDA item score was very 
useful in predicting outcome at two 
years. Even at one month, using the 25 
per cent cut off, the item score gave 
a Sensitivity of 69 per cent and a 
Specificity of 73 per cent with p 
<0.01. The item scoring at each age 
seemed to be a little better at iden-
tification of the Normal children than 
the functional grade. Additionally, 
scores for individnal items provided 
the detail necessary for planning ap-
propriate intervention. 
It has been established ttat there 
was a positive relationsbi.p between 
early NSMDA Scores and development 
at two years. However, from analysis 
of the data it could be seen that eight 
months was the.optimalage for testing 
as this was when both Specificity and 
SensitiVjty were greater than 82 per 
cent. 'i'hismeans that the NSMOA not 
only accurately identifies children with 
abnormal signs but also the normal 
children. As' prematUrity is known to 
increase the risk of development delay, 
it is, therefore, equally valuable to 
identify normal children at an early 
age, so that parental anxiety about 
outcome can be alleviated. 
When examining the value of a test 
it is important to note the rates of false 
positive and false negative predictions. 
A false positive is a child that is initial-
ly identified as abnormal, but later has 
a normal outcome, and a false negative 
is a child who is initially found to be 
normal, but later has an abnormal out-
come. It is necessary for both these 
rates to be low, for a screening test to 
be effective. 
For the NSMDA, the false positive 
rate for eight months was 43.3070, and 
the false negative was 5.2070. It is im-
portant for the false negative rate to 
be low because it indicates good 
specificity (ie accurately identifying the 
normal outcome group). Once a child 
is identified as normal, there is a con-
siderably greater risk that the family 
may not return for follow-up, and 
commencement of appropriate in-
tervention may be unduly delayed. 
Some studies have selected four 
months as the assessment age for iden-
tification of children at risk of 
Table 6: 
NSMDA: Predictive and Concurrent Validity 
neuromotor dysfunction (Harris et af 
1984, Ellenberg and Nelson 1981), 
while others such as Saint Anne 
Dargassies (1977), strongly recom-
mended eight months. Ross et af (1986) 
and Parmelee (1980) also found this 
later age optimal for predicting 
outcome. 
While this study showed good 
predictability at the four month assess-
ment, the best age for accuracy of 
prediction was eight months, with 
83.5070 correctly identified (fable 3). 
Drillien et al (1988) also showed that 
screening at thirty-nine weeks had 
predictive value for problems at school 
age, with behaviour, gross motor per-
formance and neurological status pro-
viding the greatest levels of 
significance. Their paper expressed the 
opinion that this age is also ap-
propriate for identification of other 
conditions such as squint, hearing loss, 
and orthopaedic deviations. 
When the contribution of each area 
of assessment to the total test is noted, 
the organisation of the test is confirm-
ed (see Table 5, Part 1). Another way 
of examining this is to compare score 
profIles of the normal and the han-
dicapped groups. When the expected 
differences in outcome are confirmed, 
as shown in Figure 1, then the 
NSMDA has achieved one of its goals. 
Direct comparisons of scores or 
results of different evaluation tools is 
difficult, because of differences in the 
selection of test items, scoring systems, 
sample size, and ages for testing and 
outcome. However, the statistical and 
clinical value of the NSMDA, com-
pares favourably with other neurologic 
and neuromotor developmental tests, 
as shown in Table 6 (adapted from 
Harris 1987). 
In summary, no assessment can take 
into account all the social, health, 
emotional and environmental factors 
which can adversely affect assessment 
of a child at any stage or time. 
Therefore, some inaccuracy in iden-
tification of children with neuro-
sensory motor problems is inevitable. 
Notwithstanding these concerns, the 
use of a comprehensive graded scoring 
system of assessment such as the 
NSMDA, is a valuable and useful tool 
Sensitivity and specificity of different assessment tools 
Author and Tool Sens Spec Age Outcome 
Tronick and Brazelton 
NBAS 1973 (n=53) 80.0 76.0 
Neurologic Examination (n=53) 87.0 20.0 neonate 18 mths 
Bierman-van Eedenburg et al 
Towen, 1976 (n=159) 86.7 54.2 neonate 18 mths 
Ellenberg and Nelson 
Paine, 1960 (n=32,000) 64.0 89.0 4 mths 7 yrs 
Harris 1987 
Bayley Motor Scale, 1969 (n=153) 35.3 94.9 
M.A.!., 1980 (n=153) 73.5 62.7 4 mths 3-8 yrs 
Burns et a/ (this study) 
NSMDA, 1988 (n=148) 82.4 83.7 8 mths 2 yrs 
Note: Sensitivity and Specificity are considered to be comparisons between the reference test and the 'true' 
diagnosis. 
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FigurE/1: Comparison of mean score profiles of NSMDA at each assessment for normal, suspect, and abnormal groups 
for the evaluation of motor develop-
ment in infants and young children. 
Conclusion 
The aim of this paper was to 
inv~tigate the validity of a 
physiotherapy NSMDA criterion 
referenced assessment. The results of 
the analyses demonstrate that the 
NSMDA has sufficient discriminating 
power to allow a very acceptable level 
of predictiQn of VLBW children at risk 
for ongoing 4evelopmental problems, 
and at the same time is capable of iden-
tifying those children who are likely to 
be normal. 
The population of infants 
graduating from neonatal special ClP'e 
nurseries is increasing. The risk for 
developmental problems is of concern, 
but to date a single, reliable 
loilgitudinalassessment· tool has not 
been· readily available. Thus the 
NSMDA provides an important for-
wll):"d step. 
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